ABSTRACT Iorio et al. (2018) mapped out the Milky Way halo using a sample of RR Lyrae stars drawn from a cross-match of Gaia with 2MASS. We investigate the significant residual in their model which we constrain to lie at Galactocentric radii 12 < R < 27 kpc and extend over 2600 deg 2 of the sky. A counterpart of this structure exists in both the Catalina Real Time Survey and the sample of RR Lyrae variables identified in Pan-STARRS by Hernitschek et al. (2016) , demonstrating that this structure is not caused by the spatial inhomogeneity of Gaia. The structure is likely the Virgo Stellar Stream and/or Virgo Over-Density. We show the structure is aligned with the Magellanic Stream and suggest that it is either debris from a disrupted dwarf galaxy that was a member of the Vast Polar Structure or that it is SMC debris from a tidal interaction of the SMC and LMC 3 Gyr ago. If the latter then the sub-structure in Virgo may have a Magellanic origin.
INTRODUCTION
It is the vast extent of the Galactic stellar halo that precludes a comprehensive examination of all of its constituent substructures. Stretched over tens, sometimes hundreds of kpc, faint stellar streams enter our view only briefly to be cut off abruptly by the limitations of a survey, even the most ambitious one. In fact, until the present day no single-instrument optical experiment has been truly all-sky. With Gaia Data Release 1 out more than a year ago (see Gaia Collaboration et al. 2016a,b; van Leeuwen et al. 2017 ) -and the DR2 recently released -it is a whole new ball game. Gaia appears to have been built as a nearly perfect halo exploration machine: what it lacks in depth (as it "only" reaches r ∼ 21) it more than makes up in coverage (entire sky), exquisite resolution (on par with the HST), quality of photometry (given the enormous CCD array a star has to cross), spectral coverage (most of the optical wavelength range), variability data (with ∼70 visits per location during the mission lifetime) and artefact rejection. With its uniform whole sky coverage Gaia will enable more confident identification of diffuse halo structures than was possible previously, while its astrometry will enable the determination of their origin.
In the halo, where 99% of the available Galactic volume E-mail: d.boubert@ast.cam.ac.uk is filled with a measly 1% of the available light, the surface brightness levels in question are prohibitively faint (see e.g. Bullock & Johnston 2005) and thus the choice of the tracer population is crucial (see e.g. Belokurov 2013 ). RR Lyrae stars (RRLs) -pulsating helium burners -have been the weapon of choice for stellar halo studies for decades (see e.g. Hawkins 1984; Saha 1984; Wetterer & McGraw 1996; Ivezić et al. 2000; Watkins et al. 2009; Sesar et al. 2010; Akhter et al. 2012; Torrealba et al. 2015; Soszyński et al. 2016; Belokurov et al. 2017) . Located on the horizontal branch (see e.g. Catelan 2009 ), these old and metal-poor stars occupy a narrow range of intrinsic luminosities and suffer minuscule amounts of contamination (if variability information is on hand).
In a recent work Iorio et al. (2018) combined Gaia DR1 and Two Micron All Sky Survey (2MASS) photometry to obtain a collection of ≈ 21, 600 RRLs out to ≈ 20 kpc and used that sample to fit a model of the Milky Way halo. Taking advantage of the stable completeness and the all-sky view of their sample, Iorio et al. (2018) were able to test a suite of sophisticated models of the Milky Way stellar halo. While these models captured the variation of the triaxiality with Galactocentric radius as mapped out by the RRLs, a significant residual remained in the region {l ∈ (−100
• , −50 There is one prominent residual that spans from (α, δ) = (160 (2018) proposed that this residual was the substructure identified as the Virgo Over-Density (VOD).
The VOD is a diffuse cloud of stars covering at least 2000 deg 2 of the sky (Bonaca et al. 2012 ) and with an apparent extent along the line of sight of 5 to 20 kpc (Jurić et al. 2008) . The true extent of the VOD is unknown due to the richness of substructure near Virgo; one wrap of the Sagittarius stream is present at between 30 and 60 kpc (Vivas et al. 2016 ) and the more distant portion of the VOD may be a distinct piece of substructure known as the Virgo Stellar Stream (VSS, e.g. Duffau et al. 2006) . Bonaca et al. (2012) found that the VOD peaks at. d ∼ 11 kpc and is detected as nearby as d = 7 kpc, while Zinn et al. (2014) found the VSS is centered at d ∼ 19 kpc but extends across the range 17 < d < 22 kpc. It is likely that the residual in the model of Iorio et al. (2018) is the VOD and/or the VSS, but we present here a new view of the Virgo sub-structure as a stream leading the Magellanic Clouds.
In Section 2 we isolate the substructure in the Gaia-2MASS sample of Iorio et al. (2018) as well as in the RRL sample of the Catalina Real-Time Transient Survey (CRTS) and in Pan-STARRS (Hernitschek et al. 2016) . We discuss the connection of the structure to the VOD and VSS in Section 3, as well as presenting a Magellanic interpretation of its origin.
RR LYRAE STAR SAMPLES

Gaia+2MASS
The selection of RRLs by Iorio et al. (2018) relied on the color provided by the Gaia and 2MASS cross-match J − G and the proxy of stellar variability, AMP, proposed by Belokurov et al. (2017) and Deason et al. (2017) ,
where N obs is the number of times a source has crossed a CCD in Gaia's focal plane, F G is the flux (electron per second) measured in the G band averaging over N obs single flux measurements, and σ F G is the standard deviation of the N obs flux measurements. Iorio et al. (2018) demonstrated that suitable cuts in both AMP and J − G colour were able to select a sample where the contamination is expected to be substantially less than 10%. Importantly, they also argued that the completeness of their selection did not vary strongly, either as a function of the position on the sky or the magnitude of the star. We use the cuts given in Table 1 of Iorio et al. (2018) . For this work the most relevant cuts are the magnitude cut (10 < G < 17.1, corresponding to heliocentric distances 10 < d < 20 kpc) and the structure cuts which were made to exclude both Magellanic Clouds in addition to the regions S1 {l ∈ (167 Iorio et al. (2018) found to contain spurious extended structure speculated to be due to Gaia cross-match errors. Iorio et al. (2018) found that a density profile with a single power law in radius, flattened along the Z-axis with the flattening varying with radius, was able to well describe the density distribution of RRLs. In Figure 1 we compare this model to the distribution of Gaia+2MASS RRLs. There is a remarkable spatially-localised residual spanning 70
• whose coordinates are given in the caption of Figure 1 . While Iorio et al. (2018) did exclude the regions S1 and S2 from their sample because of suspected cross-match errors with the Gaia source catalogue, this structure is unlikely to be due to similar errors because of its large spatial extent. Iorio et al. (2018) suggested the structure may be related to the Virgo Over-Density and we discuss this further in Section 3.
Intriguingly, the structure is almost aligned with the leading portion of the Magellanic Stream. To test this we define a coordinate system (L stream , B stream ) where the equator is aligned with the structure and the LMC lies at L stream = 0, giving a pole in Galactic coordinates of roughly
. This coordinate system is thus almost aligned with the Magellanic Stream coordinates defined by Nidever et al. (2008) who found a pole of (l, b) = (188.5
• , 7.5
• ) by fitting a great circle to the gas in the Magellanic Stream. The Magellanic Stream has a width of 20
• (see Fig. 8 in Nidever et al. 2008) and thus this difference is negligible.
Note that the selection cut in magnitude G < 17.1 mag, used by Iorio et al. (2018) to ensure that the completeness did not vary with distance, corresponds to a maximum distance of 20.7 kpc (assuming an absolute magnitude M G = 0.52 for the RRL stars); to investigate whether the structure continues to greater distances we must turn to either Gaia DR2 or one of the ground-based RRL surveys.
CRTS
The Catalina Sky Survey (CSS) is a synoptic survey that has covered more than 33, 000 deg 2 of the sky utilising three telescopes. The Catalina Real-Time Transient Survey (CRTS) analyses the data from the CSS to identify optical transients. The CRTS has catalogued RRLs in both the Northern hemisphere (Drake et al. 2013b (Drake et al. ,a, 2014 and Southern hemisphere (Torrealba et al. 2015; Drake et al. 2017) . Bringing together the various published catalogues we have a sample of 31301 RRLs, after removing duplicates. These stars cover almost the entire sky, excluding the region |b| 20
• near the Galactic disc, and extend out to d 70 kpc.
In the left panel of Fig. 2 we show the distribution in L stream of the CRTS RRLs that lie within −8
• < B stream < 8
• . Both the Sagittarius stream and the edge of the LMC are clearly visible beyond 35 kpc, but closer in there is an extended structure ranging over 40
• < L stream < 110 • and 8 < R < 27 kpc. There is evidence of a gap at 12 kpc and we discuss whether this is the divide between the VOD and the VSS in Sec. 3. The rapid drop-off in contamination from the smooth stellar halo makes it easier to study the more distant structure and thus we focus on the subset of RRLs with Galactocentric radii 12 < R < 27 kpc.
There are 14752 RRLs in the CRTS with Galactocentric radius, R, lying in the range 12 < R < 27 kpc and we plot their distribution on the sky in Fig. 3a . The structure found in the Gaia+2MASS sample has a clear counterpart in the CRTS and thus cannot be an artefact due to internal Gaia cross-match errors. We show that the CRTS RRLs are aligned with the stream coordinate system chosen for the Gaia-2MASS RRLs in the right panel of Fig. 2 , which confirms that the structures found in each sample are the same.
Ideally, we would have accurate metallicities for the CRTS RRLs because this would give further information on their origin. Indeed, it is possible to estimate the metallicity of an RRL using the light curve (Kovacs & Zsoldos 1995; Jurcsik & Kovacs 1996) and we estimate such metallicites for the CRTS RRLs using the procedure described in Sec. 4.2 of Torrealba et al. (2015) . However, cross-matching with SDSS DR12 for the Northern tip of the stream reveals that the the light curve metallicities are offset from the SDSS metallicities by −0.29 ± 0.55 dex and so are not reliable estimators of the true metallicities. Inspection of the radial velocities and metallicities of the 1029 successfully cross-matched stars did not reveal any obvious sub-population of unusually fastmoving or metal-poor stars, which we tentatively conclude implies that few stars in this subset are members of the structure. A major caveat to this conclusion is that the radial velocity of RRLs can be shifted by up to 100 km s −1 by the pulsations (see Vivas et al. 2016 for a proper treatment) and thus the velocity signal of the structure could be blurred out.
Pan-STARRS
The Pan-STARRS Collaboration is using a synoptic imaging system to produce surveys covering all distance scales from Solar System to extragalactic (Chambers et al. 2016) . The deep, large-area component is the 3π Steradian Survey which has obtained broadband grizy photometry over the region δ > −30
• and down to g ∼ 23 in the stacked images. The completeness of the 3π survey is known to be spatially heterogeneous in the first data release (Chambers et al. 2016) , however this heterogeneity should be independent of the heterogeneities of our Gaia+2MASS and CRTS samples. Hernitschek et al. (2016) used the 35 epochs from the first data release to assign a probability P RRL to each source of it being an RRL based on the amplitude and timescales of variability in the lightcurves. Hernitschek et al. (2016) found that by applying the cut P RRL > 0.2 they achieved a purity of ∼ 75% and a completeness of 92% relative to SDSS Stripe 82. In this work we use the 42,674 "highly likely halo RR Lyrae candidates" (Hernitschek et al. 2016 ) defined by |b| > 20
• and P RRL > 0.2. Applying a Galactocentric radius cut, 12 < R < 27 kpc, reveals the same structure that is present in the Gaia+2MASS and CRTS samples (see Fig.  3b ).
DISCUSSION
Identification of the structure in each of Gaia+2MASS, CRTS and Pan-STARRS makes it extremely likely that the structure is real. The structure lies in a region of the sky and at a distance that has previously been identified with the Virgo Over-Density (VOD) and/or Virgo Stellar Stream (VSS) and we discuss their relationship in Section 3. Right: Sky distribution of the subset of CRTS RRLs in the Galactocentric radius range 12 < R < 27 kpc. The ten dashed lines are orbital tracks for the LMC and SMC from present day to 1 Gyr in the future (described further in Sec. 3.4).
that the structure may have a Magellanic origin and we expand on this possibility in Section 3.4. However, we are unable to conclusively determine the structure's origin because we only have positions and distances.
Comparison of the three datasets
The three RRL datasets are complementary in their differing balance between contamination and completeness. The CRTS has close to zero contamination, but the completeness is a function of magnitude and position on the sky due to the varying number of observations per field (Drake et al. 2013a ). On the other hand, the RRLs in the 2MASS+Gaia sample has a high rate of contamination, but the completeness was shown by Iorio et al. (2018) to not vary significantly either spatially or with magnitude up to G < 17.1 mag.
Somewhere between these two samples lies the Hernitschek et al. (2016) sample of RRLs in the first data release of Pan-STARRS, which is known to be spatially heterogeneous (Chambers et al. 2016 ) in a way that is independent of either of the other two samples. Hernitschek et al. (2016) showed that their sample is ∼ 75% pure and ∼ 92% complete relative to SDSS Stripe 82 RRLs.
Characterization of the structure
To aid the following discussion we briefly characterize the structure.
Outer edge: We can not say if we have identified the outer edge of the structure. The left panel of Fig. 2 shows a rapid decrease in RRL number density past 27 kpc, however we would expect the completeness of CRTS to decrease with increasing distance. The Sgr stream is clearly defined beyond 35 kpc in both our CRTS and Pan-STARRS samples, however this may merely be due to the large numbers of stars expected in that structure; the Sgr dwarf was originally similar in mass to the SMC (e.g. Niederste-Ostholt et al. 2010) and thus even if we only see 1% of RRLs at 50 kpc that still equates to a large number of stars. It is possible that the more distant portions of this structure, which we should expect to contain many times fewer stars than the Sgr dwarf, may simply be drowned out.
Distance gradient: If the structure had a gradient in distance along its length, then we may be able to use that gradient to trace the origin of the structure despite not having velocities. In Fig. 2 there does appear to be a trend in the most prominent part of the structure of decreasing Galactocentric radius as the structure approaches the plane, however if the more distant parts of the structure are included then this gradient disappears.
Area: To estimate the area of the structure, we drew a contour at a stellar density corresponding to 0.5 stars deg steradians. We find that 2290 of the RRLs stars with 12 < R < 27 kpc are inside this contour, however, we caution that this is only an estimate of the number of the stars in the structure due to both the uncertainty in the shape of the contour and contamination from the smooth stellar halo.
Gap:
The left-hand panel of Figure 2 shows a gap in the structure between 60 < L stream < 80
• . We select the stars with R < 20 kpc in this region (in addition to the cut |B stream | < 8
• ) and calculate a kernel density estimate as a function of the Galactocentric radius. The density shows two clear peaks of comparable height at 10 kpc and 16 kpc, with a trough at 12.5 kpc that corresponds to the gap. The minima of the trough is 30% below the maxima of the peaks and thus the gap is a significant deviation from a singly-peaked structure. Iorio et al. (2018) suggested that the residual in their model was related to the substructure in Virgo, specifically the VOD, and this is confirmed by the distance distribution shown in Fig. 2 . There is an extensive literature surrounding the sub-structure in Virgo which is well-reviewed by Grillmair & Carlin (2016) . First revealed by Newberg et al. (2002) in a single stripe of SDSS, the large extent of the VOD has long been established both on the sky (more than 1000 deg 2 , Jurić et al. 2008 , more than 2000 deg 2 , Bonaca et al. 2012 ) and along the line-of-sight (a typical distance range of 10 < d < 20 kpc was obtained using RRLs from both the QUEST survey, Vivas et al. 2001; Vivas & Zinn 2003 , and the SEKBO survey, Keller et al. 2008 Keller et al. , 2009 .
Relationship to the VOD/VSS
The VOD has already been studied using the CRTS RRL; Torrealba et al. (2015) applied the Dressler (1980) clustering algorithm to the CRTS RRL sample and identified 12 structures that had a significance greater than 3σ (shown in their Fig. 14) . Torrealba et al. (2015) noted that their second most significant and largest by area cluster, Hya 1, may be a blend between structure around the Galactic centre and stars in the halo. The part of Hya 1 away from the plane and the other over-densities Cen 1, Cen 5, Cen 6 and Cen 7 are consistent with being part of the nearer structure which may be the VOD. The over-densities Hya 4, Cen 2, Cen 3 and Cen 4 are consistent with the structure we have referred to as the VSS. Torrealba et al. (2015) do suggest that some of these over-densities could be related to the VOD, but this proposal is not discussed in detail.
More recently, Vivas et al. (2016) assembled a sample of 412 RRLs with radial velocities and distances 4 < d < 75 kpc which cover the region 175 Vivas et al. (2016) identified six significant groups, including the VSS with 18 stars across 15.6 < d < 21.3 kpc (16.5 < R GC < 21.8 kpc) and a mean heliocentric radial velocity of 135.2 km s −1 . The region considered by Vivas et al. (2016) lies at the very tip of the structure and their VSS group occupies the same range of Galactic radii.
The VOD and VSS may be two components of a single structure (for instance Zinn et al. 2014 showed that the nearest portions of the VSS overlap with the VOD). A likely interpretation of the gap shown in the left-hand panel of Fig.  2 and quantified in Sec. 3.2 is that it is the gap between the VOD and VSS. The gap appears to end at L stream = 60
• , which leaves open the possibility of the VOD and VSS merging into a single structure at low longitudes (low Galactic latitudes). Further work will be required using the proper-motions in Gaia DR2 to check whether this join is merely overlap (as cautioned by Zinn et al. 2014) .
In summary, the residual mapped out in Sec. 2 is almost certainly associated with the VOD/VSS. If our structure is part of the VSS/VOD then these stars will have likely originated in a dwarf galaxy that has been disrupted by the Milky Way (e.g. Bonaca et al. 2012; Grillmair & Carlin 2016) . The alignment of this structure with the orbital plane of the Magellanic Clouds would then be naturally explained by the progenitor being a member of the well-known Vast Polar Structure of satellite galaxies of the Milky Way (Pawlowski et al. 2012) . Conversely the structure may be two distinct substructures which only appear adjacent on the sky, with the VSS at the tip and the lower latitude portion having an alternative origin.
Near alignment with the Magellanic stream
The Large and Small Magellanic Clouds are the two most massive dwarf galaxies in the vicinity of the Milky Way and have a history of interaction that has likely lasted for several Gyr. Evidence for these interactions includes the 200
• gaseous Magellanic Stream and Leading Arm (Nidever et al. 2010) and both the gaseous (Hindman et al. 1963 ) and stellar (i.e. Belokurov et al. 2017 ) components of the Magellanic Bridge which stretches between the two galaxies. During these interactions, stars will be stripped from the outskirts • long Magellanic Stream in HI; in Figure 4 we demonstrate that the leading arm in this map is coincident with the CRTS RRLs with Galactocentric radii 12 < R < 27 kpc. One explanation for the Magellanic Stream is that it is composed of gas stripped from the SMC by the tidal action of the LMC during previous close interactions and that same tidal action should also strip stars from the SMC. These stars may then have similar kinematics to the stripped gas. McClure-Griffiths et al. (2008) used the interaction of a high-velocity cloud in the Leading Arm with the Galactic disc to estimate that the Leading Arm crosses the Galactic plane at a Galactic radius of R GC ≈ 17 kpc. Besla et al. (2012) modeled the evolution of the Magellanic Stream and, in their Model 2 with a significant Leading Arm, they found that the distance gradient of the material was flat over Magellanic Stream latitudes 20 < L MS < 80 deg. Thus the Galactic plane distance R GC ≈ 17 kpc calculated by McClure-Griffiths et al. (2008) may be directly compared to the distance distribution 12 < R GC < 27 kpc used to isolate the RRL structure, even though we are examining the structure at high latitude b > 20
• . There are other possible explanations involving the Magellanic Clouds. The stars may have been tidally stripped from the LMC by the Milky Way if the Magellanic Clouds have experienced more than one perigalactic passage. There are several mechanisms that could eject stars from the Magellanic Clouds (see Boubert et al. 2017 for a discussion), however these preferentially eject younger stars and so observing stars which are now RRLs would only be possible if the Magellanic Clouds are bound to the Milky Way. It has been speculated that some OB stars observed to be coincident with the Magellanic Stream were born from the gas in the stream (Casetti-Dinescu et al. 2012) , however that cannot explain RRLs which have a typical age of around 10 Gyr.
We simulate the interaction of the LMC and SMC during their first passage of the Milky Way in a N-body model based on the simulations used in Belokurov et al. (2017) . As in that work, we generate initial conditions for the LMC and SMC by sampling from the Clouds' observed proper motions (Kallivayalil et al. 2013 ), radial velocities (van der Marel et al. 2002 Harris & Zaritsky 2006) , and distances (Pietrzyński et al. 2013; Graczyk et al. 2014) . For each set of initial conditions, we evolve the LMC and SMC in the presence of a 3 component model for the Milky Way given by the MWPotential2014 in Bovy (2015) . The LMC is modeled as a Hernquist profile (Hernquist 1990 ) with a mass of 2.5 × 10 11 M and a scale radius of 25 kpc. The SMC is modelled as a Plummer sphere (Plummer 1911 ) with a mass of 2 × 10 8 M and a scale radius of 1 kpc. The SMC's disruption around the LMC is simulated using the Lagrange point stripping technique described in Gibbons et al. (2014) . Given each set of initial conditions, the LMC and SMC are rewound from their current positions for 3 Gyr and then the disruption of the SMC is followed until the present. We ran 10000 such simulations with no further constraints on the debris properties. We also integrated a random sample of these orbits forward 1 Gyr into the future, and these orbits are shown in several plots throughout this work.
The results of these simulations are amalgamated and the particles representing SMC debris are shown in Figure  5 , where we only show the particles that reach Galactocentric radii 12 < R < 27 kpc. We find that SMC debris is stripped during either three or four pericentric passages of the LMC, but the debris that gets to a Galactocentric radius 12 < R < 27 kpc at present day has mostly been stripped more than 1.5 Gyr ago (see. Fig. 6 ). This means that the present day distribution of nearby SMC debris is sensitive to the assumed orbital history of the Magellanic Clouds. For instance, Model 2 of Besla et al. (2013) also had debris aligned with the structure, but the nearest of their debris lay in the range 30 < R < 40 kpc. Nidever et al. (2010) It is interesting to compare the simulated SMC debris to the Vivas et al. (2016) RRL sample, because -while it is limited in angular coverage 175
• < α < 210 • , −10 • < δ < 10
• -it should cut across a stream of stars from the Magellanic Clouds if it exists and all of their stars have radial velocities and distances. Note that the completeness of the Vivas et al. (2016) sample is spatially heterogeneous and so we limit our comparison to the groups they explicitly associate with the VSS. In Figure 7 we show Groups 2 and 4 from Vivas et al. (2016) together with our simulated SMC debris. The debris splits into two tracks: a primary one which contains most of the debris and spans all stripping times, and a secondary one which only features debris with 2.0 < T strip < 2.4 Gyr. The secondary track of simulated SMC debris intersects with the location of these two groups which suggests that the VSS may simply be one component of a much larger complex of SMC debris. There are Vivas et al. (2016) stars elsewhere in this space which may also be related to this structure but were not included in Groups 2 and 4 due to the strict membership criteria. Only 4539 of our simulations produce stars in the radial range 12 < R < 27 kpc and only 37 of these produce debris in the lower of the tracks shown in Fig. 7 . This raises the possibility of using the sub-structure in Virgo to constrain the interaction history of the Magellanic Clouds. Each of our simulations corresponds to a random sample from the PDFs of the LMC's and SMC's distance, radial velocity and proper-motions and we investigated whether the initial conditions corresponding to these 37 simulations were clustered, however there was no clear evidence of this. One explanation is that whether SMC tidal debris reaches the inner Galaxy is determined by the LMC-SMC interaction history, and that history is highly sensitive to the initial conditions in a chaotic way. A detailed investigation should reveal constraints on the interaction history, but such an investigation is beyond the scope of this work. 
CONCLUSIONS
We have mapped out a halo substructure in the RRL Gaia+2MASS sample of Iorio et al. (2018) , the CRTS and the Hernitschek et al. (2016) sample of RRLs in Pan-STARRS. These three samples have distinct systematics and so the existence of this halo substructure is secure. The structure covers π/4 of the sky, occupies the distance range 12 < R GC < 27 kpc, and is in near alignment with the Magellanic Stream. This structure has been previously discussed in the literature as the Virgo Over-Density or Virgo Stellar Stream, and thus may be debris from a disrupted dwarf galaxy.
An alternative, novel explanation is that these stars have been stripped from the halo of the SMC by the tidal action of the LMC during a close encounter about 3 Gyr ago. Simulations of the SMC-LMC interaction commonly have particles in this region of the sky, although the requirement that they reach 12 < R GC < 27 kpc places a strong constraint on the configuration of that interaction. This would imply the Virgo sub-structure is Magellanic in origin and we have shown that this structure can be replicated in simulations of SMC debris. Duffau et al. (2014) measured the metallicity of the VSS to be [Fe/H] = −1.78 ± 0.37 dex which is in accord with the metallicity of the SMC, [Fe/H] = −1.70 ± 0.27 dex, estimated from the lightcurves of 1831 RRLs (Haschke et al. 2012) . Iorio et al. (2018) conclude that by applying their method to the second data release (DR2) of Gaia they will obtain an all-sky RRL sample that stretches out to 100 kpc. Proper motions are included in Gaia DR2 for all these RRLs and these can be converted to tangential velocities using the distance estimates. The Magellanic Clouds are on a polar orbit and have large tangential velocities (Kallivayalil et al. 2013) , thus the tangential velocities of RRLs in the structure will test whether they are associated with the Clouds and, if so, strongly constrain the Magellanic Clouds' interaction history. If they are not associated with the Magellanic Clouds then the tangential velocities will probe the orbit of the disrupted progenitor dwarf galaxy. Future exploration of Gaia will reveal the full intricacy of the Milky Way halo and may uncover a leading stellar arm of the Magellanic Clouds much nearer than previously thought possible.
While we were revising this work, others have begun the task of studying the substructure in Virgo through the lens of Gaia DR2. Simion et al. (2018a) cross-matched RRLs associated with the Virgo (412 RRLs from Vivas et al. 2016) and Hercules-Aquila (46 RRLs from Simion et al. 2018b) sub-structures with Gaia to obtain their proper motions, and then calculated their orbital properties in the Galactic potential. Simion et al. (2018a) show that the stars in Group 2 of Vivas et al. (2016) are on highly eccentric orbits and have mean apocentric radii between 20 and 40 kpc, perhaps ruling out a Magellanic origin for these stars. However, the range of apocentric radii derived by Simion et al. (2018a) for the entire Virgo RRL sample extends out to 60 kpc and thus a Magellanic origin is plausible for at least some of these stars. Simion et al. (2018a) demonstrated that the distribution of eccentricities, pericentres and apocentres of the stars in the VOD that have Galactocentric radii 11 < R < 16 kpc (the range covered by the Hercules-Aquila Cloud) qualitatively matches the distributions of stars in the HerculesAquila Cloud; the authors argued that this is evidence for a common origin in the ancient massive merger of the recently identified 'Sausage' galaxy . If all the sub-structure towards Virgo does originate in this merger, then that would preclude our Magellanic hypothesis. However, as discussed earlier in this work, the sub-structure towards Virgo is complex and may contain multiple structures with distinct origins (e.g. the VOD is from the 'Sausage' merger while the VSS is debris from the Magellanic Clouds).
